When we use halftone as the method to adjust the brightness of an LED array, there may be a difference in utilization among the LEDs which may cause a high utilization of a particular one, easily damaging and reducing the life of the array. In this paper we therefore propose a shift method by using different halftone patterns with complement in the LED array to achieve uniform utilization of each LED.
INTRODUCTION
The halftone is an image processing technology where various non-continuous dots of same size and spacing represent the layering of images; the greater the interval between dots the lighter the gray level. Conversely, if the interval between the dots is smaller, the gray level is darker. This method achieves full grayscale images [1, 2] . Halftone has been applied in many studies, such as in touch-reading the text on the image. In the microcapsule one uses the halftone mode to achieve effective tactile graphics generation [3] . Video halftoning renders a digital video sequence onto display devices which have limited intensity resolutions and color palettes, by trading the spatiotemporal resolution for enhanced intensity color resolution [4] . Some use the halftone methods to improve the video quality. A proposed novel technique named halftone visual cryptography is proposed to achieve visual cryptography via halftoning. It utilizes the void and cluster algorithm to encode a secret binary image into halftone shares (images) carrying significant visual information [5, 6] . Halftone images subjoin watermarking for the purpose of copyright protection [7] [8] [9] , such as is proposed for halftone images with the dithering technique and particle swarm optimization which provide the properties of robustness and fragility for halftone images simultaneously [10] . Some employ the well known least-mean-square method to design an adaptive filter for high-quality halftone images [11] . There is also a suitable data detection and error control methodology based upon a statistical representation for the print-scan channel that effectively models the channel dependence upon the cover image gray-level. The method achieves high operational rates while preserving the halftone image quality [12] .
Our previous paper mentioned an LED matrix with halftone technology presenting the brightness changes [13] . Fig. 1 shows an FM halftone block diagram with a boundary matrix which through an error filter produces a set of four-bit halftone cell patterns [14, 15] . These patterns correspond to the LED array produces adjustable brightness. But this approach may have a problem because the utilization of each LED in the LED array is not the same, and this leads to higher utilization of some LEDs which reduces their lifespan and thereby the life of all LEDs in the array. This paper presents a new method to generate new halftone patterns, to maintain their uniform brightness and to be able to reduce the different utilization of each LED in a LED array.
HOMOGENEOUS HALFTONE PATTERN DESIGN
In this design we define the utilization as Our design uses a 16-bit counter inside the microcontroller counting the time used and recording the period of use of each pattern. At the same time the 15th and the 16th bits of this counter represent the pattern selection bits which control 4 sets of halftone patterns. In other words, if the user uses the same brightness pattern for 4.5 hours at a time, our design automatically switches to the next set of brightness patterns of the LED array to reduce the utilization differences.
According to the selection of the brightness patterns the utilization rate of each LED in the LED array will be affected. Hence we propose four different selections of brightness patterns to experiment under three different brightness conditions, relatively low, middle and high.
• Shift-Right: We use the original halftone pattern and extend it to 4 sets of halftone patterns and sequences respectively. We keep the original halftone pattern as the first set. The second set of patterns is shifting right every bit in set_1. We use the same way to create the other two halftone sets.
• Shift-Left: Similar to shift-right, we keep the original halftone pattern as the first set. The second set of halftone patterns is shifting left every bit in set_1. We again use the same way to create the other two halftone sets.
• Hyper-shift: We use the original halftone pattern and extend it to 4 sets of halftone patterns and sequences respectively. We also keep the original halftone pattern as the first set. The second set of patterns is shifting right every bit in set_1. The third set is shifting right 4 bits from set_2; this looks like every bit has been moved down from set_2. Finally, the four sets are shifting left every bit in set_3.
• Complement-pattern: We use the original two sets of halftone patterns to complement the new post as the second set of halftone patterns. This method has the advantage of less temporary space over the previous three methods. The average utilization is around 50% because of the complement of the brightness patterns. To even the selection of the halftone patterns or brightness patterns, we don't let the user make the same choice with the brightness patterns. When the light changes the brightness of these patterns, our design uses one sequential set as the next choice. For example, if the current brightness levels are set at set_1 at level_7 (the seventh pattern), and the user chooses to increase the brightness, the brightness pattern takes the level_8 (the eighth pattern) at set_2, and if the user chooses to reduce the brightness, the pattern takes the level_6 (the sixth pattern) at set_4.
Shift-Right
Because we need four sets of halftone patterns we must recalculate each set of halftone patterns. In this design we define the original halftone pattern as set_1. The result of set_2 was selected from the halftone pattern set_1 to the Eq. (1) to regenerate, and set_3 and set_4 are also generated by this method. 
Shift-Left
It is the same with the shift-right method; we need to get four sets of halftone patterns. We again define the original halftone pattern as set_1. The result of set_2 was selected from the halftone pattern set_1 to the Eq. (2) to re-generate. 
Hyper-shift
The hyper-shift method combines right-shift and left-shift. The halftone patterns set_1 and set_2 are the same as with right-shift, but the halftone pattern set_3 is generated by Eq. (3). Finally, the halftone pattern set_4 was selected from the set_3 into Eq. (2) and get it, that why we called hyper-shift. 5 shows the first halftone pattern in four set. The first set is the original halftone pattern, the second set shift-right every dot and the third set is shifted down, finally the fourth set is shift-left.
Complement-pattern
In our design we use shift methods to move the "dots" in the halftone pattern to reduce the utilization rate. We don't choose the complement method to generate new halftone patterns. Therefore we choose the first eight patterns (except the zero pattern) and use the complement pattern. In other words, we put the original pattern into the Eq. (4) and get the complementpattern. 
IMPLEMENTATION RESULTS
The LED utilization result when using the shift-right method is shown in Fig. 7 . In the low brightness mode every LED of the array shows utilization between 0% and 44%, and the utilization of the 15 th, 16 th LED is 0%. In the middle brightness mode every LED of the array shows an average utilization between 25% and 82%, and in the high brightness mode the average utilization is between 81% and 100%. According to these data we obtain an average utilization ratio between 25% and 65%. We see the range is too large if we use the shift-right method because the halftone pattern is not even enough. With the shift-left method the average utilization in the low brightness mode is between 0% and 38%, and the utilization of 12 th and 13 th LEDs is 0%. In the middle and high brightness modes the average value is between 25% and 75% and between 81% and 100%. Total average utilization is between 35% and 65%, the same as with the shift-right method. With the hyper-shift method the average utilization in the low brightness mode is between 13% and 31%, in the middle and high brightness modes between 44% and 63% and between 81% and 100%. Total average utilization is between 44% and 56%. If we compare these data with those of the last two methods, we are reaching normal use. th and 16 th LEDs is 0%. In the middle and high brightness modes the average value is between 50% and 63% and between 63% and 100%. Total average utilization is 50%. This seems a great method, but no one will turn the light off on the whole circuit. In the low and high brightness modes the average utilization is lower than with the last three methods. In our experiment we have found that shift-right, shift-left and hyper-shift need to expand to three times of the basic halftone patterns, while the complement-pattern of four methods only needs one more storage space for a set of temporary halftone patterns. However, to compare the utilization of each LED we need to calculate four times, the selections remaining the same. The experiment shows a way for the selection of the halftone patterns which forms a sequence of brightness patterns from the selections.
However, if LEDs1-16 in Pattern0-Pattern16 are taken into account, and we look at the average utilization shown in Figure  3 , it is obvious that using the complement-pattern we have the most even utilization of each LED, maintained at around 50%. But in real operation only few users go to the darkest or the brightest for a long-time operation. Figure 11 shows the utilization of the four different selections of the brightness patterns. 
CONCLUSIONS
From the experiment we see that although the average performance of the complement-pattern method is best for the even utilization of each LED, but that a long-time operation with high brightness and low brightness causes some of the LEDs always being turned on or off. In that case the hyper-shift selection method presents the second best in even utilization of each LED of a LED array as it provides a quasi-stable state for long-time operation.
